Expression and equilibrium denaturation of cardiac troponin I: stabilization of a folding intermediate during denaturation by urea.
Human cardiac troponin I has been expressed at high level in Escherichia coli as a fusion protein by using the expression vector Ptac114. The expressed protein forms primarily intracellular inclusion bodies that are solubilized in the presence of 8 M urea. The purified troponin I is recognized by anti-(human cardiac troponin I) monoclonal antibodies. Equilibrium denaturation of recombinant human troponin I and bovine troponin I is compared by monitoring changes in the protein's fluorescence and CD characteristics. At pH 7.5 the equilibrium denaturation of both proteins by urea occurs in two distinct steps involving at least three major conformational states: native, intermediate and fully denatured. The biphasic profile in the presence of urea is observed by both fluorescence and CD spectroscopy. In the intermediate state the native tertiary structure is largely disrupted and 40% of the secondary structure is conserved, as suggested by near-UV and far-UVCD respectively. Thermal denaturation of troponin I, as followed by fluorescence, shows a loss in the signal that is not reversible after heating to 90 degrees C. In the presence of a constant amount of urea (not greater than 0.5 M) the thermal denaturation becomes biphasic, suggesting the accumulation of an intermediate species that is stabilized by urea. The fluorescence of 1-anilino-8-naphthalenesulphonate produced on binding troponin I decreases in the presence of increasing concentrations of urea up to 3 M; at higher urea concentrations no further change in the remaining signal is observed. Kinetic studies show at least two phases of renaturation for troponin I previously denatured with 8 M urea, whereas only a single phase is detected for the renaturation process in the presence of 3 M urea. The results suggest the occurrence of a stable folding intermediate, the formation of which might be related to the two-domain architecture of troponin I.